Introduction {#sec1_1}
============

*Clostridium difficile*is an anaerobic Gram-positive bacterium that can cause antibiotic-associated diarrhoea. Normal gut flora resists colonisation and overgrowth with *C. difficile*\[[@B1]\]. The use of antibiotics alters the intestinal microbiome and allows proliferation of *C. difficile*. Colonization occurs by the faecal-oral route. Hospitalized patients are the primary targets of *C. difficile* infection (CDI) although *C. difficile* is present as a colonizer in 2-3% of healthy adults and in as many as 70% of healthy infants \[[@B2]\]. CDI is associated with antibiotic treatments and may occur in every clinical setting. Current data suggest that 20% of individuals who are hospitalized become colonized with *C. difficile* during hospitalization, and about 30% of these patients develop diarrhoea \[[@B3]\]. CDI commonly manifests as mild-to-moderate diarrhoeal disease with abdominal cramping. In severe cases CDI can present with acute abdomen as well as fulminant, life-threatening colitis. The diagnosis of *C. difficile* colitis should be suspected in any patient with diarrhoea who has received antibiotics within the previous 3 months, who has been recently hospitalized, and/or who has an occurrence of diarrhoea 48 h or more after hospitalization \[[@B4]\]. However, recent studies have shown that *C. difficile* can be a cause of diarrhoea in community dwellers without previous hospitalization or antibiotic exposure \[[@B5]\]. *C. difficile* produces heat-resistant spores that can persist in the environment for several months, thus providing the basis for nosocomial outbreaks even after extensive cleaning measures.

Pathophysiology of *Clostridium difficile* Infection {#sec1_2}
====================================================

Pathogenic strains of *C. difficile* produce multiple distinct toxins \[[@B6]\]. The best characterized toxins are toxin A, which is an enterotoxin, and toxin B, a cytotoxin. Both are high molecular weight proteins (308 kDa and 270 kDa) capable of binding to specific receptors on intestinal mucosal cells. Receptor-bound toxins gain intracellular entry by catalysing a specific alteration (inactivation) of Rho proteins (small glutamyl transpeptidase(GTP)-binding proteins) that assist in actin polymerization, cytoskeletal architecture, and cell movement. Both toxin A and toxin B appear to play a role in the pathogenesis of *C. difficile* colitis in humans, mainly by induction of apoptosis in target mucosal cells. Toxin damage of the colonic mucosa leads to an accumulation of fibrin, mucin, and dead cells, finally forming a layer of debris in the colon (pseudomembrane). Subsequent inflammatory activation adds to the direct toxin-associated damage resulting in mild diarrhoeal disease up to extensive intestinal wall damage with septic shock and death.

Clinical Presentation of *Clostridium difficile* Infection {#sec1_3}
==========================================================

Several societies of gastroenterologists as well as infectious disease specialists have recently published updates of CDI management guidelines \[[@B7],[@B8],[@B9]\]. The most recent guidance document has been released by the European Society of Clinical Microbiology and Infectious Diseases (ESCMID) in 2014 \[[@B8]\]. An up-to-date definition of an episode of CDI comprises a clinical picture (table [1](#T1){ref-type="table"}) compatible with CDI, microbiological evidence of free toxins, and the presence of *C. difficile* in stool without reasonable evidence of another cause of diarrhoea or pseudomembranous colitis (diagnosed by endoscopy, after colectomy, or on autopsy).

Severity of Disease {#sec1_4}
===================

Severe CDI is defined as an episode of CDI with one or more specific signs and symptoms of severe colitis or a complicated course of disease with systemic toxin effects, shock, or even death. Severe CDI requires intensive care unit (ICU) treatment and/or colectomy \[[@B10]\]. On the contrary, the course can be very mild and self-limiting, especially once the causing antibiotic is ceased. The challenge lies in the prediction of severe disease and in the awareness for risk factors of an unfavourable outcome as shown in table [2](#T2){ref-type="table"}\[[@B11]\].

Diagnosis of *Clostridium difficile* Infection {#sec1_5}
==============================================

As mentioned above, the diagnosis of CDI is based on a combination of signs and symptoms and confirmed by microbiological evidence of *C. difficile* and toxin-producing *C. difficile* in stools, given the absence of another cause. The presence of pseudomembranes on colonoscopy or histopathology can help to establish the diagnosis of CDI; however, it cannot rule out CDI. Laboratory workup uses several tests for the detection of *C. difficile* and its toxins. Diagnostic tests for CDI include the cell culture-based cytotoxicity test, which has been formerly regarded as the gold standard test in terms of sensitivity and specificity, but is very laborious and has been abandoned for commercial reasons. Further available tests are glutamate dehydrogenase (GDH) and toxin A and/or B enzyme immune assays (EIAs). Toxigenic culture of *C. difficile* may be performed in specialized laboratories and more often nucleic amplification tests (NAAT) targeting either 16S rRNA genes, toxin genes, and GDH genes are available to the physicians in care of CDI patients. ESCMID recommendations are clearly in favour of a two- or three-stage algorithm combining a sensitive screening test with a more specific confirmatory test to diagnose CDI (fig. [1](#F1){ref-type="fig"}) \[[@B8]\]. Suspected stools should first be screened with an EIA detecting GDH. Like bacterial culture, tests that detect GDH do not distinguish toxin-producing from non-toxigenic *C. difficile* isolates \[[@B12]\]. The rationale for the approach is indeed that GDH is produced in significantly higher quantities than the *C. difficile* toxin and should yield a more sensitive assay than solid-phase toxin A/B EIAs. The commercial GDH tests offer a turnaround time of 15-45 min, compatible with laboratory routine needs. The greatest utility of stool GDH assays appears to be a screen to rule out negative specimens and to select specimens for further testing. Published sensitivity of GDH tests is about 90% with a specificity of 93% \[[@B13]\]. Alternatively, EIAs detecting toxins A and/or B (sensitivity ranging from 44 to 99% and specificity from 75 to 100%) or NAAT detecting toxin B gene (*tcdB*) may be used as screening tests. Samples with a negative test result can be reported as negative, while samples with a positive first test result should be retested with a method to detect free toxins. The multi-step procedure to ensure presence of free toxins in the patient\'s faeces should allow discrimination of CDI from asymptomatic colonization. Two commonly recommended methods in the laboratory diagnosis of CDI are the use of a GDH screening confirmed by NAAT to detect toxigenic strains. Diarrhoea is defined as loose stools, i.e. taking the shape of the receptacle or corresponding to the Bristol stool chart types 5-7, plus a stool frequency of three bowel movements in 24 h or fewer consecutive hours (definition by World Health Organisation; *[www.who.int/topics/diarrhoea](http://www.who.int/topics/diarrhoea)*). Testing of formed stool and/or retesting of faeces of patients with formerly confirmed CDI is not recommended due to the possibility of false positive test results in formed stools and asymptomatic carrier stage after an episode of CDI.

Rational Concepts in the Therapy of *Clostridium difficile* Infection {#sec1_6}
=====================================================================

Once the diagnosis of a CDI is made, it is necessary to apply appropriate infection control measures to prevent further spread within the ward or hospital. To prevent spreading of *Clostridium* spores, hands need to be washed, patients are to be isolated, and the use of gloves and protective clothing by the staff is necessary in addition to regular hand hygiene after patient contact \[[@B14]\]. In all patients with CDI it is mandatory to consider stopping the causing antibiotic therapy. This may be sufficient as the only treatment in a patient with little symptoms. Patients need adequate replacement and monitoring of fluids and electrolytes. Antimotility medications should be avoided.

Nowadays, all recommendations for antibiotic therapy are based on differentiation between mild-to-moderate or severe disease \[[@B8]\]. The American guidelines further differentiate a severe and complicated course \[[@B7],[@B9]\]. For the clinician to successfully treat CDI it is most important to screen for risk factors of severe disease and parameters associated with an unfavourable outcome. There are many clinical and laboratory variables that correlate with severity of CDI as shown in table [1](#T1){ref-type="table"}\[[@B8]\]. The most important prognostic markers for the development of severe disease (table [2](#T2){ref-type="table"}) seem to be age \> 65 years, leukocytosis (\>15 Gpt/l), decreased serum albumin (\<3 g/l), rise in serum creatinine (\>133 µmol/l or \>1.5 times of the premorbid level) and underlying co-morbidities \[[@B15],[@B16],[@B17]\].

In a patient with strong suspicion of CDI empiric treatment is encouraged by European and American guidelines. We recommend this approach merely for patients with severe disease or risk factors for an unfavourable outcome. Again discontinuation of unnecessary antibiotic treatment is mandatory.

Mild-to-Moderate CDI {#sec2_1}
--------------------

In cases of mild-to-moderate or non-severe CDI, the ESCMID guideline recommends for CDI clearly induced by antibiotics after stopping the inducing antibiotic to observe clinical response and to begin antibiotic treatment with metronidazole if clinical deterioration occurs \[[@B8]\]. The most commonly used and studied antibiotics to treat CDI are metronidazole and vancomycin. Metronidazole 500 mg orally three times a day for 10 days is the recommended initial antibiotic treatment in mild-to-moderate disease as it has been shown to be effective in inducing a clinical response and no statistically significant difference compared to vancomycin \[[@B18]\]. In 335 patients, symptomatic cure rates were 71% for metronidazole and 79% in patients treated with vancomycin. Other studies show the inferiority of metronidazole compared to vancomycin and a faster symptomatic response to a treatment with vancomycin \[[@B19]\]. When treating patients with oral or intravenous metronidazole, one should be aware of its possible side effects. Most patients state gastrointestinal complaints and a metallic taste; however, peripheral and optic neuropathy can occur in long-term treatment \[[@B20],[@B21]\]. Besides higher treatment costs of oral vancomycin, there is concern of inducing vancomycin-resistant enterococci, although this is merely a theoretical concern and clinical evidence is lacking \[[@B22]\]. Changes in antibiotic resistance have been reported for both antibiotics in specific ribotypes causing CDI. This emerges merely from in vitro studies, and so far there are no reports that treatment failure could be linked to antimicrobial resistance to metronidazole or vancomycin \[[@B23]\].

Although not recommended for the first episode of mild-to-moderate CDI, fidaxomycin has proven its efficacy in the treatment of these patients with cure rates of up to 88% \[[@B24],[@B25]\]. 200 mg are administered orally twice daily. The advantage of this drug is the lower risk of recurrence. Therefore, it is being discussed primarily for recurrent CDI but could also be considered as first-line therapy in patients with a high risk of recurrence (table [3](#T3){ref-type="table"}) \[[@B26]\].

Although not included in current guidelines, it is worth mentioning that oral teicoplanin, a glycopeptide not available in the USA, has equal clinical cure rates as vancomycin and a licensed indication for the treatment of CDI (teicoplanin p.o. 100 mg two times per day) \[[@B27]\]. Additionally, the American guideline recommends reviewing the response to therapy in a patient with mild-to-moderate CDI and switching to vancomycin if the clinical symptoms do not improve after 5-7 days \[[@B7]\]. In patients intolerant or allergic to metronidazole or in pregnant or breast-feeding women, Surawicz et al. \[[@B9]\]\] recommend vancomycin in standard dosing. To this day, there is insufficient evidence to recommend the use of probiotics, toxin-binding resins and polymers, or monoclonal antibodies \[[@B8]\].

Severe CDI and Severe and Complicated CDI {#sec2_2}
-----------------------------------------

Patients with severe disease should be treated with oral vancomycin 125 mg four times daily for 10 days. Since the definition of severity varies among treatment studies and in other trials, treatment response is not specified for the severity of CDI. This decision is based merely on predictors and clinical signs associated with a severe course of disease. Single studies show the inferiority of metronidazole over vancomycin, with clinical cure rates of 72.7 versus 81.1% \[[@B28]\] and 97 vs. 76% for severe disease \[[@B29]\]. Fidaxomycin has been shown to be non-inferior to vancomycin although severely ill patients were excluded from these trials \[[@B24],[@B25]\]. The use of very high doses of vancomycin was recommended for severe and complicated disease in the Infectious Diseases Society of America (IDSA) guideline \[[@B7]\]. However, there is no evidence that these higher doses change the clinical course considering duration of diarrhoea, rate of recurrence, or microbiological cure \[[@B30].\] As shown in table [3](#T3){ref-type="table"}, the American guidelines discuss a third group of patients with severe and complicated disease. In these patients with fulminant, life-threatening disease, signs of systemic toxicity, peritonitis, or toxic colonic dilation, it is crucial to consider surgical intervention. It remains a major challenge to predict the clinical course and response to medical treatment in patients with complicated CDI. This is further complicated by high mortality rates of emergency operations for CDI ranging from 19 to 71% \[[@B31]\]. It has become evident that early colectomy can lower mortality and improve survival \[[@B32]\]. The more negative prognostic signs (shock with need for vasopressors, lactate \> 5 mmol/l, mental status changes, end organ failure, need for intubation and ventilation) a patient has, the earlier surgical treatment should be considered. The established operative management of severe, complicated CDI is subtotal colectomy with end ileostomy. Although not supported by the ESCMID guideline, Surawicz et al. \[[@B9]\] as well as the IDSA \[[@B7]\] recommend treatment with vancomycin orally in a higher dose of 500 mg four times daily and rectally (500 mg in 500 ml normal saline) up to four times a day in combination with metronidazole intravenously (500 mg three times a day) as the treatment of choice in patients with complicated CDI. Especially in patients with ileus or toxic colonic dilation and inability to tolerate oral intake, adjunctive use of rectal vancomycin and intravenous metronidazole has been shown to be effective \[[@B33],[@B34]\].

Recurrent CDI {#sec2_3}
-------------

The risk of recurrence of CDI after an initial episode is reported to be 10-20% within 8 weeks and further increases with every other episode up to 40-65% \[[@B35]\]. It is considered similar for the treatment with metronidazole and vancomycin. Fewer secondary recurrences are reported after treatment with fidaxomycin for patients with mild-to-moderate disease \[[@B36]\]. The first recurrence can be treated with the same regimens used for the initial episode, depending on the severity of disease. Especially in patients with risk of further recurrence (table [4](#T4){ref-type="table"}), treatment with fidaxomycin should be considered.

For the second relapse of CDI, metronidazole is no longer recommended based upon concerns regarding its side effects, especially neuropathy. In this situation fidaxomycin (200 mg twice daily for 10 days) or vancomycin (125 mg four times daily for 10 days) followed by either a pulsed or tapered strategy is recommended. Up to now, there is no single strategy that can be recommended; however, McFarland et al. \[[@B35]\] could reduce the frequency of relapse to 14.3% by a pulsed regime up and to 31% by using a tapered strategy \[[@B37]\]. The pulsed strategy proposed requires a standard vancomycin course over 10 days followed by 125 mg vancomycin every 2-3 days for 10 doses. Of the multiple strategies used for tapering vancomycin, the IDSA guidelines 2010 recommended stepping down to 125 mg twice daily for a week after the regular 10 days of vancomycin, followed by 125 mg once daily for a week which is then followed by pulse of 125 mg every 2-3 days for 2-8 weeks \[[@B7]\].

For multiple recurrences, the European as well as the American guideline on CDI recommend that faecal microbiota transplant (FMT) should be considered for these patients. FMT means the instillation of faecal bacteria from a healthy person into a sick recipient in order to cure a certain disease. During the past few years, studies have investigated this treatment for recurrent CDI by endoscopically administering the faeces in the duodenum, in the ileocolon, or by enema. Cure rates reported are approximately 92% in a systematic review of 317 patients \[[@B38]\]. Long-term follow-up of FMT is limited and more research is needed to determine the optimal route of administration \[[@B39]\].
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###### 

Patient characteristics correlating with disease severity when associated with CDI (adapted from \[[@B8]\])

  Category               Signals/Symptoms
  ---------------------- ------------------------------------------------------------------------------------------------------------------------------------------------
  Physical examination   fever, rigors, hemodynamic instability including signs of shock, respiratory failure with need for mechanical ventilation, peritonism, ileus
  Laboratory tests       leukocytosis \> 15 Gpt/l, left shift with \>20% neutrophils, rise in serum creatinine \>1.5 × baseline, lactate \> 5 mmol/l, albumin \< 30 g/l
  Endoscopy              presence of pseudomembranes
  Imaging                colonic distension \> 6 cm in transverse colon/toxic megacolon, colonic wall thickening, pericolonic fat stranding, ascites due to CDI

###### 

Prognostic markers that can be used to determine severe CDI

  Characteristics                                                                    Degree of recommendation   Quality of evidence   Reference
  ---------------------------------------------------------------------------------- -------------------------- --------------------- ------------
  Age (\>65 years)                                                                   A                          IIr                   \[[@B12]\]
  Marked leukocytosis (leukocyte count \> 15 Gpt/l)                                  A                          IIrht                 \[[@B12]\]
  Decreased blood albumin (\<30 g/l)                                                 A                          IIr                   \[[@B12]\]
  Rise in serum creatinine level (\>133 μmol/l or \>1.5 times the premorbid level)   A                          IIht                  \[[@B12]\]
  Comorbidity (severe underlying disease and/or immunodeficiency)                    B                          IIht                  \[[@B13]\]

###### 

Summary of treatment recommendations according to disease severity (adapted from \[[@B9]\])

  Severity                         Criteria                                                                                                                                                                                       Treatment                                                                                                                                         Comment
  -------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------
  Mild-to-moderate disease         diarrhoea, no signs or symptoms of severe disease                                                                                                                                              metronidazole 500 mg p.o. 3×/day for 10 days                                                                                                      if no improvement in 5--7 days switch to vancomycin 4 × 125 mg p.o.
  Severe disease                   two of the following:albumin \< 30 g/l;leukocytosis \>15 Gpt/l;creatinine \>133 μmol/l;age \> 65 years;abdominal tenderness;comorbidities                                                      vancomycin 125 mg p.o. 4×/day for 10 days                                                                                                         other authors consider age \< 65 years and a rise in creatinine \>1.5 × baseline as equal risk factors for severe disease
  Severe and complicated disease   any of the following attributable to CDI:admission to ICU for CDI;prolonged hypotension;ileus or significant abdominal distension;mental status changes;leukocytes \> 35 Gpt/l or \< 2 Gpt/l   vancomycin 500 mg p.o. 4×/day and metronidazole 500 mg i.v. 3×/day and vancomycin per rectum (500 mg vancomycin in 500 ml Nalco 0.9%) 2--4×/day   consider surgical consultation

###### 

Prognostic markers that can be used to predict risk of recurrent CDI (adapted from \[[@B8]\])

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  Age \> 65 yearsContinued use of (non-CDI) antibioticsComorbidity, especially renal failureHistory of previous CDIConcomitant use of PPIInitial disease severity
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------
